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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The topical second generation anti-histamine azelastine

hydrochloride (AZE) and the potent corticosteroid fluticasone
propionate (FP) are well established first-line treatments in
allergic rhinitis (AR).

• MP29-02, a novel intranasal AZE and FP formulation, has been
shown to control AR symptoms faster and better than standard
intranasal AZE or FP.

• The systemic bioavailabilities of marketed AZE and FP nasal
spray products have been established at about 40% and 1%
only, respectively.

• For new combination medicinal products such as MP29-02, the
determination of possible pharmacokinetic (PK) drug–drug
interactions between both active components and
formulation-based bioavailability alterations is essential.

WHAT THIS STUDY ADDS
• This paper provides for the first time information on potential

drug–drug interactions, AZE and FP bioavailability and
disposition characteristics of each component administered by
the novel nasal spray formulation MP29-02.

• The studies employed highly sensitive FP and AZE LC-MS/MS
assays and could therefore be conducted with recommended
therapeutic doses, thereby circumventing previously recognized
draw-backs that required nasal bioavailability studies to be
conducted using supra-therapeutic doses.

• No significant PK drug–drug interaction between the active
components AZE and FP was noted for MP29-02.

• AZE bioavailabilty was equivalent when MP29-02 data were
compared with MP29-02-AZE-mono and Astelin®.

• Increased FP exposure was observed with MP29-02-based
products compared with FP-BI. FP serum concentrations were
generally very low with all investigational products suggesting
no clinically meaningful pharmacodynamic differences in terms
of systemic safety.

AIM(S)
To determine azelastine hydrochloride (AZE) and fluticasone propionate (FP)
bioavailabilities of the novel nasal spray combination product MP 29-02,
compared with MP29-02-based products containing only AZE
(MP29-02-AZE-mono), FP (MP29-02-FP-mono), marketed AZE and FP single
entity products (Astelin® and FP Boehringer-Ingelheim; FP-BI).

METHODS
Two randomized, three period, six sequence, three treatment crossover studies
were conducted in healthy subjects. Study 1 administered 200 mg FP as
MP29-02, MP29-02-FP-mono or FP-BI. Study 2 administered 548 mg AZE as
MP29-02, MP29-02-AZE-mono or Astelin®. Each dose consisted of two
sprays/nostril. Serum FP and plasma AZE were followed over 24 (FP) and 120 h
(AZE) and quantified by LC-MS/MS. Peak (Cmax) and total exposures AUC(0,tlast)
were compared between the treatments by ANOVA.

RESULTS
Study 1: Average FP Cmax was very low with all products (�10 pg ml-1). FP
AUC(0,tlast) point estimates (90% CIs) for MP29-02 : MP29-02-FP-mono and
MP29-02 : FP-BI ratios (%) were 93.6 (83.6, 104.7) and 161.1 (137.1, 189.3).
Corresponding ratios for Cmax were 91.0 (82.5, 100.4) and 157.4 (132.5, 187.1).
Study 2: AZE AUC(0,tlast) point estimates (90% CIs) for
MP29-02 : MP29-02-AZE-mono and MP29-02 : Astelin® ratios (%) were 98.8 (91.0,
107.4) and 105.5 (95.6, 116.4). Corresponding outcomes for Cmax were 102.7
(92.1, 114.4) and 107.3 (92.6, 124.3).

CONCLUSIONS
No interactions of AZE and FP were found with the MP29-02 formulation.
Azelastine bioavailability was similar for MP29-02 and Astelin®. Maximum and
total FP exposure was higher for MP29-02-based products compared with FP-BI.
FP concentrations were generally very low with all investigational products and
did not suggest clinically meaningful differences concerning systemic safety.
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Introduction

Allergic rhinitis (AR) is a global health problem increasing
in prevalence, currently affecting more than 500 million
people worldwide. Symptoms of AR affect social life, sleep,
learning and working, thereby translating into a substan-
tial burden [1].

Guidelines recommend H1-antihistamines as first line
therapy for AR [2, 3] while intranasal corticosteroids (ICS)
are the gold standard treatment in patients with more
severe symptoms, particularly nasal congestion [2–4].
However, surveys of practice patterns show that over 60%
of AR patients were dissatisfied with their current treat-
ment due to insufficient efficacy, indicating a still existent
and significant unmet medical need [5].

MP 29-02, a novel azelastine hydrochloride (AZE) and
fluticasone propionate (FP) containing product using an
optimized intra-nasal formulation, was found to control AR
symptoms more effectively and faster in patients with
moderate and severe AR than intranasal AZE or FP alone
[6–10].

In the clinical development of new combination medici-
nal products, possible drug–drug interactions between
active components (either occurring in the formulation
in terms of a pharmaceutical interaction or resulting in
altered pharmacokinetics in vivo) or formulation-based bio-
availability alterations need to be addressed [11].

This paper presents the results of two separate phar-
macokinetic studies, which together addressed two major
mechanistic objectives, i.e. (i) exclusion or characterization
of a potential pharmacokinetic interaction between the
two active components in the novel product MP29-02 and
(ii) exclusion or characterization of potential formulation-
based product differences in the nasal bioavailability of FP
and AZE as compared with the marketed single entity
products. Besides these mechanistic objectives the two
studies served the overall regulatory objective to compare
the systemic exposure data of MP29-02 with the already
marketed AZE and FP mono products in order to confirm
its systemic safety.

Study 1 compared MP29-02, a novel 0.1% AZE and
0.0365% FP nasal spray product with two different FP
single entity products, namely a MP29-02-based single
entity FP product without AZE (MP29-02-FP-mono) and a
marketed comparator product (FP-BI, FP Nasal Spray, Boe-
hringer Ingelheim/Roxane Laboratories, Columbus, OH,
USA) and examined the relative bioavailability and dispo-
sition of FP. For the investigation of a potential alteration of
the FP bioavailability/pharmacokinetics by the second
active component AZE the novel product MP29-02 was
compared with the MP29-02-FP-mono product. For the
investigation of a potential formulation effect on the FP
bioavailability MP29-02 was compared with the marketed
comparator product FP-BI.

Study 2 followed the same conceptual approach by
comparing the novel MP29-02 product with two different

AZE-single entity products, namely a MP29-02-based
single entity AZE product without FP (MP29-02-AZE-
mono) and a marketed AZE comparator product (Astelin®;
Meda Pharmaceuticals, Somerset, New Jersey, USA). For
the investigation of a potential alteration of the AZE
bioavailability/pharmacokinetics by the second active
component FP the novel product MP29-02 was compared
with the MP29-02-AZE-mono product. For the investiga-
tion of a potential formulation effect on the AZE bioavail-
ability MP29-02 was compared with the marketed
comparator product Astelin®.

The investigational MP29-02-based single entity prod-
ucts (i.e.MP29-02-FP-mono and MP29-02-AZE-mono) were
exclusively developed for the mechanistic purposes of the
present studies and are not intended for further clinical
development.

Local and systemic adverse effects were assessed as
well.

Methods

Setting
Both studies were conducted at the same clinical site (Clin-
PharmCologne, Cologne, Germany).

Participants
Male and female participants were required to be healthy,
non-smokers, aged 18–45 years and to have no history or
evidence of any clinically allergic, respiratory or other
disease. Subjects were excluded if they had a history of
allergic reactions or sensitivity to FP, AZE or any of the
excipients, a BMI >30 kg m-2, QTc interval >450 ms, abnor-
mal routine blood tests, were taking any concomitant
medications or were not able to demonstrate the correct
self-application with an isotonic sodium chloride contain-
ing placebo nasal spray.

All subjects gave written informed consent, after
approval by the ethics committee of Nordrhein Medical
Council (Ärztekammer Nordrhein).

Design of the studies
A single centre, randomized, open label, three period, six
sequence, three treatment crossover, pharmacokinetic
single dose design was employed for both studies. At
three separate occasions all subjects self-administered two
sprays per nostril of the investigational products (200 mg
FP and/or 548 mg AZE) in randomized sequence under the
supervision of a clinical team member. Each study partici-
pant was thoroughly trained at screening and at each
study period in the evening before the treatment days in
self application of the nasal spray products, including
proper operation of the nasal spray head. Each application
was monitored for any detectable deviations from prac-
ticed procedure and observed deviations were detailed
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and documented in the case report form. Study periods
were separated by wash-out intervals of at least 10 days.

Study 1: Effects of azelastine hydrochloride
(AZE) or MP29-02 formulation effects on the
relative bioavailability of fluticasone propionate
(FP)
This study compared MP29-02, a novel 0.1% AZE and
0.0365% FP nasal spray product with two different FP
single entity products. A MP29-02-based single entity FP
formulation without AZE (MP29-02-FP-mono) and a
marketed comparator product (FP-BI, FP Nasal Spray,
Boehringer Ingelheim/Roxane Laboratories) (Table S1
‘Composition of the study medication’) served as reference
products.

Serial blood samples for pharmacokinetic analysis of FP
in serum were collected pre-dose and 8, 15, 30, 45 min, 1,
1.25, 1.5, 2, 2.5, 3, 4, 6, 8, 12 and 24 h after administration of
study medication in each of the treatment periods.
Although the mean terminal disposition half-life of FP after
intravenous administration is reported to be 7.8 h, the
duration of the employed FP sampling schedule of 24 h
was considered adequate for the characterization of nasal
spray formulations, because of the expected very low
systemic exposure and after consideration of published
evidence that FP serum/plasma concentrations upon
intranasal FP administration could be hardly detected
beyond 4 h post dose [12–14]. Hence, the 24 h sampling
already took the significantly improved sensitivity of the
employed LC-MS/MS assay with a lower limit of quanti-
fication (LLOQ) of 0.25 pg ml-1 into account. The zero
(0 min) timepoint for post dose PK sampling was defined
as the time the second spray into the second nostril was
completed.

Study 2: Effects of fluticasone propionate (FP)
or MP29-02 formulation effects on the relative
bioavailability of azelastine hydrochloride
(AZE)
This study compared MP29-02 with two different AZE
single entity products, i.e. a MP29-02-based formulation
without FP (MP29-02-AZE-mono) and a marketed com-
parator (Astelin®; Meda Pharmaceuticals, Somerset,
NJ, USA) (Table S1 ‘Composition of the study medication’).

Serial blood samples for pharmacokinetic analysis of
AZE in plasma were taken pre-dose and 15, 30 min, 1, 1.5,
2, 2.5, 3, 4, 6, 8, 12, 24, 48, 72, 96 and 120 h after adminis-
tration of study medication. The AZE PK sampling sched-
ule was based on available evidence that the mean
terminal plasma disposition half-life of AZE is about 20 h
[15].

Analytical methods
Study 1 (FP) Serum concentrations were quantified by a
specific and highly sensitive liquid chromatography with
tandem mass spectrometry (LC-MS/MS) assay with a

lower limit of quantification (LLOQ) of 0.25 pg ml-1 and a
validated FP concentration range up to 50 pg ml-1. Inter-
assay coefficients of variation of the calibration samples
ranged between 1.69 and 7.87% and accuracy ranged
from 98.9 to 101.2% (further details are provided in
Items S1 and S2).

Study 2 (AZE) Plasma concentrations were quantified by a
specific and highly sensitive LC-MS/MS assay with a LLOQ
of 2.0 pg ml-1 and a validated AZE concentration range up
to 1000 pg ml-1. Inter-assay coefficients of variation of the
calibration samples ranged between 1.60 to 4.96% and
accuracy ranged from 93.2 to 103.2% (further details are
provided in Items S3 and S4).

For both studies, the analyses from all periods of a
subject were done in a single analytical run.

Pharmacokinetic analyses
Drug concentration–time data for each subject were ana-
lyzed by standard non-compartmental pharmacokinetic
methods. PK parameters were calculated using a validated
Excel based software (FUNCALC 3, 2003) (Item S5). For the
purpose of product comparison of FP and AZE exposure
characteristics, Cmax and AUC(0,tlast) were considered the
primary PK outcome variables for the assessment of rate
and extent of absorption.

The analysis of all PK variables was performed on the
per protocol (PP) population, which comprised all random-
ized subjects without major protocol deviations with
potential relevance for the PK analyses.

Sample size considerations and statistical
analyses
The studies were primarily designed and powered to
assess the drug interaction potential between the active
components since fixed combinations of AZE and FP have
not been developed before and to meet respective regu-
latory requirements for fixed-combinational products [11].

The study protocol and the sample size planning,
however,was not based on any mechanistic hypotheses on
specific sources/mechanisms of potential exposure differ-
ences. It rather defined which extent of exposure differ-
ences between products would be acceptable in terms of
systemic product safety. Hence, the statistical sample size
consideration did not aim for the demonstration of
bioequivalence. It rather referred to boundaries for sys-
temic exposure differences (acceptance margins) that
were deemed to be acceptable from a clinical safety per-
spective, thereby taking the expected very low systemic
exposure levels upon intranasal administration and the
known PK–PD relationship for the component with the
lowest systemic safety margin (i.e. FP) into account (for
further details see discussion section of the manuscript).

Based on these considerations an acceptance range of
50–200% for the Test : Reference ratios of the primary PK
parameters was considered appropriate and pre-specified
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in the study protocols. The power calculation aimed for a
sufficient sample size to achieve 80% power for the com-
parison of the AUCs of MP29-02 with MP29-02-FP-mono
and MP29-02-AZE-mono, respectively, thereby assuming a
true treatment ratio of 130% and a coefficient of variation
(CV) of 60%. For this scenario a sample size of 24 subjects
was calculated for each study to achieve 80% power. To
account for potential drop-outs and for robustness in case
of deviations from these assumptions a total of 30 subjects
were randomized into each study.

Metrics indicating peak exposure (Cmax), total exposure
(AUC(0,tlast), AUC(0,•)) and elimination (CL/F) were ana-
lyzed by using a crossover analysis of variance (ANOVA) after
logarithmic transformation. The model included fixed
effects treatment, period and sequence. The covariance
structure over the treatments was unspecified. A Satterth-
waite approximation was applied to the degrees of
freedom. This model was used to provide geometric mean
point estimates and 90% confidence intervals (CIs) for
ratios MP29-02 : MP29-02-FP-mono and MP29-02 : FP-BI
(Study 1) or MP29-02 : MP29-02-AZE-mono or MP29-
02 : Astelin® (Study 2), respectively.

Safety and tolerability assessments
Safety evaluations included the assessment and documen-
tation of the subjects’ well being throughout the study in
terms of nature, severity and incidence of adverse events.
Medical history, ECG recordings, haematology, blood
chemistry and urinalysis variables were assessed and a full
physical examination performed as criteria for study enrol-
ment.Vital signs were monitored at the beginning and end
of the study.

Results

Subject demographics and disposition
Baseline demographic data of the study populations are
given in Table 1. Both study populations had similar demo-
graphic characteristics.

Study 1 (FP) Thirty subjects were randomized and
exposed to at least one dose of study medication. Two
subjects discontinued the study prematurely, one subject
because of a positive drug screening and another with-
drew consent. Twenty-eight subjects completed all three
study periods. Nine of them did not qualify for the PP
analysis due to observed self-administration issues on at
least one occasion (two for MP29-02, three for MP29-02-
FP-mono, four for FP-BI). Because the dosing technique
could affect PK results, PK analysis used the PP population
of 19 subjects (for details on subjects’ disposition see
Table S2) and safety data included 30 subjects. A sensitivity
analysis that included patients with documented adminis-
tration issues yielded results consistent with the PP popu-
lation and is included in Item S6.

Study 2 (AZE) Thirty subjects were randomized and all
subjects completed the three study periods. Four subjects
were excluded from the PP analysis because of protocol
deviations with possible relevance for the PK analyses.Two
had noted administration issues and two had local nasal
findings with possible impact on local absorption (for
details on subjects’ disposition see Table S2). PK results
refer to a PP population of 26 subjects and safety data to 30
subjects.

Safety and tolerability
All investigational treatments were well tolerated (for
details on reported adverse events see Item S7).

Pharmacokinetics
Mean concentration–time profiles of FP and AZE for all five
investigational nasal sprays are displayed in Figures 1 and
2. Geometric and arithmetic mean PK parameters (median
for tmax), ranges,SDs and ANOVA derived coefficients of varia-
tions (CV%) are presented in Tables 2 and 3 for FP and AZE,
respectively. Table 4 lists the mean point estimates (treat-
ment ratio of MP29-02 : single entity product parameter)
along with corresponding 90% confidence intervals for FP
and Table 5 lists the same values for AZE.

Table 1
Subjects demographic characteristics at baseline (randomized safety population, n = 30)

Randomized safety population Study 1 (FP) (n = 30) Study 2 (AZE) (n = 30)

Gender Male : Female (n) 18:12 18:12
Male : Female (%) 60:40 60:40

Age (years) Mean � SD 30.2 � 8.0 31.0 � 6.8
Median (range) 28.5 (18–45) 31.5 (19–44)

Race Caucasian : Black : Indian : Mixed 27:2:1:0 28:0:0:2
Weight {kg) Mean � SD 73.3 � 11.4 77.1 � 12.6

Median (range) 72.9 (53.9–104.2) 76.9 (56.1–107.3)

BMI (kg m-2) Mean � SD 24.1 � 2.8 24.2 � 2.6
Median (range) 24.3 (19.2–29.9) 23.9 (19.2–29.1)
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Study 1 (FP) FP concentrations could be quantified
throughout the 24 h post dose sampling with one excep-
tion for one subject (Clast at 12 h with FP-BI). Pre dose serum
concentrations were below LLOQ in all periods in all sub-
jects, which is consistent with an adequate wash-out inter-
val between study treatments. All treatments resulted in
rapid absorption of FP from the nasal mucosa with median
tmax values within 1.0 h after dosing. Serum FP profiles were
similar after MP29-02 and MP29-02-FP-mono. Respective
geometric mean Cmax values were 9.6 and 10.5 pg ml-1 and
corresponding mean AUC(0,tlast) values were 61.9 and
65.7 pg ml-1 h. Peak and total FP systemic exposure from
marketed FP-BI was somewhat lower with geometric
means for Cmax of 6.1 pg ml-1 and AUC(0,tlast) of 37.9 pg ml-1 h.
Despite this numerical difference, maximum FP exposure

was generally low, indicating an overall very limited sys-
temic FP bioavailability for all investigational treatments.
Mean FP serum concentration–time profiles displayed a
rapid initial increase that peaked around 45 min post dose,
with a discrete transient second peak at about 1 h 15 min
post dose consistently noted with all products.

The concentration–time profile of the marketed com-
parator treatment (FP-BI) could be distinguished from the
MP29-02-based treatments, with consistently lower con-
centrations at all time points over the first 8 h post dose.
From 12 h post dose onwards, however, no meaningful dif-
ferences between any of the treatments were notable.
Average concentration–time curves displayed an apparent
tri-exponential decline of FP serum concentrations with a
sustained decline of very low residual concentrations (in
most cases in the range of about 3.0 to 0.5 pg ml-1) from
12 h post dose onwards. This long terminal disposition
phase of FP has not been captured and described in pre-
vious studies using less sensitive assays, and represents
therefore an unexpected finding. Consequently, in many
subjects, the extrapolated fraction of the AUC(0,•) values
exceeded the cut-off value of 20% of the total AUC. There-
fore, AUC(0,tlast) was selected to estimate total drug expo-
sure. Table 4 shows Cmax and AUC(0,tlast) ratios (and
corresponding 90% CIs) of MP29-02 : MP29-02-FP-mono
and indicate equivalent exposure. The corresponding
ratios of MP29-02 : FP-BI point to a difference of about 60%
for maximum and total average FP exposure.

Study 2 (AZE) The mean concentration–time profiles of all
treatments were essentially identical and are nearly super-
imposable as shown in Figure 2. As with FP, AZE pre-dose
plasma concentrations were below LLOQ for all periods in
all subjects and are consistent with adequate duration of
wash-out intervals. The rate of absorption was very rapid
with initial peak concentrations at 15 min post dose fol-
lowed by a transient decline. Median tmax values were con-
sistently noted for all treatments at or in less than 0.5 h.
Somewhat lower secondary concentration peaks were
seen at 2 h post-dose followed by a further transient
decline in AZE plasma concentrations. Finally, third peaks
were observed at 6 h post dose. The results of the ANOVA

analysis actually confirm equivalent systemic maximum
and total AZE exposure in terms of Cmax and AUC(0,tlast) for
the comparison of MP29-02 with both AZE single entity
products.

Discussion

These PK studies were part of the clinical development
programme of MP29-02, a novel AZE and FP containing
nasal spray product. Neither study showed any evidence of
pharmacokinetic-based drug–drug interactions between
the active components.

The very low systemic FP bioavailability (about 1%)
from the nasal FP spray was attributed to poor aqueous

10
9
8
7
6
5
4
3
2
1
0M

ea
n 

se
ru

m
 c

o
nc

en
tr

at
io

n
(p

g 
m

l–1
)

Pre1 2 3 4 6 8 12 24
Scheduled time (h)

Figure 1
Study 1: Mean fluticasone propionate (FP) serum concentration–time
curves after intranasal single dose administration of 200 mg FP delivered
by three different nasal spray products; � MP29-02; � MP29-02-FP-mono
(i.e. MP29-02 formulation without azelastine); � Marketed comparator
product FP-BI (Fluticasone propionate Boehringer-Ingelheim/Roxane
Laboratories Nasal Spray)
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Study 2: Mean azelastine (AZE) plasma concentration–time curves after
intranasal single dose administration of 548 mg AZE delivered by three
different nasal spray products; � MP29-02; � MP29-02-AZE-mono (i.e.
MP29-02 formulation without FP);� Marketed comparator product (Aste-
lin® Nasal Spray, Meda Pharmaceuticals)
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solubility (~0.1 mg ml-1) and high first pass metabolism of
the swallowed fraction of dose [14].Previous bioavailability
studies of FP nasal spray products were hampered by limi-
tations in bioanalytical assay sensitivity, which required
repeated administrations of supra-therapeutic doses [13,
14]. Administration with high doses of up to 800 mg
required larger dose volumes that could exceed amounts
readily retained by the nasal mucosa and escape nasal
absorption [13, 14]. Therefore, these historical studies with

large doses may not accurately reflect the true nasal depo-
sition and absorption that would be associated with the
use of therapeutic doses.

For the quantification of FP, we employed a highly sen-
sitive LC-MS/MS with a LLOQ of 0.25 pg ml-1 that was
approximately 80-fold more sensitive than bioanalytical
assays used previously (e.g. 20 pg ml-1) [16]. Hence, the
studies could be conducted with doses reflecting the
approved maximum single doses for AZE and FP and at

Table 2
Study 1: Summary of fluticasone propionate (FP) PK characteristics (PP population, n = 19)

Parameter (PP) MP29-02 MP29-02-FP-mono* FP BI†

AUC(0,tlast) (pg ml-1 h) (n = 19) (n = 19) (n = 19)
Geometric mean (range) 61.9 (26.2–144.7) 65.7 (27.9–187.2) 37.9 (20.8–89.2)
CV (%) 52.1 54.6 47.0
Arithmetic mean � SD 70.1 � 36.5 74.0 � 40.4 41.5 � 19.5

tmax (h) (n = 19) (n = 19) (n = 19)
Median (range) 1.00 (0.25–2.50) 0.75 (0.50–2.50) 1.00 (0.50–3.00)
Mean � SD 0.98 � 0.50 0.99 � 0.49 1.13 � 0.59

Cmax (pg ml-1) (n = 19) (n = 19) (n = 19)
Geometric mean (range) 9.6 (5.3–18.2) 10.5 (5.7–27.4) 6.1 (3.0–16.0)
CV (%) 37.7 50.2 48.6
Arithmetic mean � SD 10.3 � 3.88 11.7 � 5.85 6.7 � 3.23

t1/2 (h) (n = 16) (n = 19) (n = 18)
Median (range) 10.0 (6.2–30.8) 13.0 (8.6–26.8) 14.0 (7.0–100.4)
Mean � SD 13.6 � 7.5 14.6 � 5.6 20.6 � 21.9

CL/F (l h-1) (n = 16) (n = 19) (n = 18)
Geometric mean (range) 2265.0 (1124.0–5673.2) 2278.4 (922.1–4247.7) 3380.5 (816.3–7059.3)
CV (%) 51.8 43.7 50.8
Arithmetic mean � SD 2534.7 � 1313.3 2512.3 � 1097.3 3935.4 � 1997.4

*MP29-02 formulation without AZE; †Boehringer-Ingelheim/Roxane Laboratories.

Table 3
Study 2: Summary of azelastine (AZE) PK characteristics (PP population, n = 26)

Parameter (PP) MP29-02 MP29-02-AZE-mono* Astelin®†

AUC(0,tlast) (pg ml-1 h) (n = 26) (n = 26) (n = 26)
Geometric mean (range) 3 487.0 (1 466.7–11 430.7) 3 476.4 (1 608.2–9 163.9) 3 270.9 (1 299.3–8 647.1)
CV (%) 56.7 46.5 53.7
Arithmetic mean � SD 3 949.2 � 2 238.0 3 821.2 � 1 774.7 3 696.6 � 1 986.4

tmax (h) (n = 26) (n = 26) (n = 26)
Median (range) 0.50 (0.25–12.0) 0.50 (0.25–12.0) 0.38 (0.25–8.0)
Mean � SD 2.30 � 3.42 1.65 � 2.70 1.74 � 2.66

Cmax (pg ml-1) (n = 26) (n = 26) (n = 26)
Geometric mean (range) 180.9 (85.7–363.5) 169.7 (68.1–307.2) 164.6 (52.1–388.4)
CV (%) 38.3 33.2 40.7
Arithmetic mean � SD 194.5 � 74.4 179.7 � 59.6 178.3 � 72.6

t1/2 (h) (n = 26) (n = 26) (n = 26)
Median (range) 22.4 (13.2–45.8) 23.2 (15.4–77.1) 25.2 (13.7–39.7)
Mean � SD 25.1 � 8.7 25.4 � 11.9 24.7 � 6.9

CL/F (l h-1) (n = 26) (n = 26) (n = 26)
Geometric mean (range) 149.5 (40.8–349.5) 148.7 (41.5–323.6) 158.7 (51.1–393.7)
CV (%) 47.4 44.3 46.5
Arithmetic mean � SD 168.1 � 79.6 164.7 � 73.0 178.3 � 83.0

*MP29-02 formulation without FLU; †Meda Pharmaceuticals.
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the same time the intended maximum daily dose of MP29-
02.The assay was sufficiently sensitive to quantify systemic
FP concentrations over 24 h in all but one of the study
subjects and the sensitivity met current bioequivalence
guideline requirements [17]. Interestingly, the FP serum
concentration–time profiles displayed discrete double
peak phenomena (Figure 1), possibly reflecting a biphasic
nature of nasal FP absorption from the suspensions, i.e. a
rapid absorption of the fraction of dose dissolved in the
formulation and more sustained absorption from slowly
dissolving suspended particles.

Plasma AZE profiles from the three treatments were
nearly identical and the calculated primary PK parameters
confirm that all products display similar in vivo perfor-
mance in terms of AZE bioavailability (i.e. Cmax and AUC,
Tables 3 and 5, Figure 2). Results indicate that the FP com-
ponent in MP29-02 does not affect the rate or extent of
AZE absorption and does not appear to alter the subse-
quent in vivo disposition (i.e. distribution, metabolism and
clearance) of AZE. In addition, the data confirm that the
excipients included in the MP29-02 formulation do not
impair AZE bioavailability compared with the marketed
Astelin® nasal spray formulation. Taken together, neither
formulation effects nor the presence of FP changed
the overall AZE bioavailability and systemic exposure
from MP29-02 as compared with the marketed product
(Astelin®).

Serum FP profiles following MP29-02 and the MP29-02-
based FP single entity products confirmed that both prod-
ucts displayed comparable in vivo performance (Tables 2
and 4, Figure 1), indicating negligible effect of AZE on FP
bioavailability and disposition in MP29-02-based formula-

tions. However, both MP29-02-based formulations showed
a higher peak and total exposure compared with the FP
marketed comparator product (FP-BI).

However, it should be noted that the systemic exposure
of FP with MP29-02 nasal spray is still very low with mean
peak concentrations of only 10–12 pg ml-1 or less. Esti-
mates of absolute bioavailability based on an early i.v. FP
study with a 250 mg i.v. dose [18] are consistent with low
systemic FP bioavailabilities from the nasal spray products
of only 1.86% for MP29-02 and 1.14% for FP-BI. It is unlikely
that the difference in FP systemic exposure is clinically sig-
nificant, especially considering the ~50% coefficient of
variance associated with each AUC estimate for each of the
products (Table 3).

Results from clinical safety trials in patients with AR
support this conclusion. A study with FP nasal spray at
doses eight times higher than the recommended daily FP
dose revealed no effects on HPA-axis function,as evaluated
by plasma cortisol response to a short cosyntropin test or
24 h urinary excretion of free cortisol [19–21].

Similarly, a study on the PK–PD relationship between
the systemic exposure to FP and suppression of plasma
cortisol secretion in healthy adult subjects indicates that
the low systemic FP concentrations measured in the
present investigation are not clinically meaningful [22].The
established PK–PD model is independent of dose and
route of administration and showed that a total FP sys-
temic exposure level (i.e. AUC) that is required to result in
the half-maximum reduction in plasma cortisol concentra-
tions (i.e. FP AUC50) is about 3200 pg ml-1 h (95% CI 2.800,
3700 pg ml-1 h).The report indicates that the total FP expo-
sure values which have been observed in the present study

Table 4
Study 1: Statistical analysis of primary PK outcomes: Fluticasone propionate Cmax and AUC(0,tlast) point estimates (PE) and 90% CIs for MP29-02 : MP29-02-
FP-mono and MP29-02 : FP-BI

AUC(0,tlast) (PP) Cmax (PP)

PE (%)
90% CI

PE (%)
90% CI

Lower limit (%) Upper limit (%) Lower limit (%) Upper limit (%)

MP29-02 : MP29-02-FP-mono 93.55 83.60 104.68 91.01 82.53 100.37
MP29-02 : FP-BI 161.13 137.13 189.34 157.43 132.48 187.09

Table 5
Study 2: Statistical analysis of primary PK outcomes: Azelastine Cmax and AUC(0,tlast) point estimates (PE) and 90% CIs for MP29-02 : MP29-02-AZE-mono and
MP29-02 : Astelin®

AUC(0,tlast) (PP) Cmax (PP)

PE (%)
90% CI

PE (%)
90% CI

Lower limit (%) Upper limit (%) Lower limit (%) Upper limit (%)

MP29-02 : MP29-02-AZE-mono 98.82 90.96 107.37 102.67 92.12 114.44
MP29-02 : Astelin® 105.50 95.60 116.43 107.26 92.56 124.30
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(about 60 pg ml-1 h) are generally very low and translate to
systemic FP exposures that are about 45- to 60-fold below
the exposure that would be required for a 50% suppres-
sion of cortisol secretion.

The PK–PD model also suggests that FP AUC values
below 500 pg ml-1 h are unlikely to cause significant sup-
pression of cortisol secretion, which represents a safety
factor of about 8 for the susceptibility of HPA axis
suppression.

The maximum approved daily dose for FP mono-
products in the United States and Europe is 400 mg day-1.
This is twice as high as the intended daily dose of MP29-02
(one puff per nostril twice daily = 200 mg day-1). Therefore,
with regular use of MP29-02 patients with AR will be
exposed to less overall FP than with currently available FP
single entity nasal sprays that are established as safe.

An explanation for the observed increase in FP bioavail-
ability with MP29-02 could involve higher spray volume
with MP29-02 (i.e. 137 vs. 100 ml) and difference in droplet
size distribution (DSD, i.e. distribution of surface/volume of
generated droplets). Further, the MP29-02 formulation has
lower viscosity (41 cP) as compared with the marketed FP
comparator product (70 cP). Together, the lower viscosity,
the larger spray volume and the finer DSD profile of
MP29-02 contributed to notable spray pattern improve-
ments, including superior dispersion, larger spray pattern
diameter and total area as compared with the FP-BI (data
on file, MEDA Pharma, Bad Homburg, Germany). These
biopharmaceutical characteristics of MP29-02 may result
in improved nasal-mucosal distribution and a larger nasal-
mucosal surface contact area for FP absorption. These
properties may contribute to the improved clinical efficacy
of MP29-02 as reported from a recent clinical trial in AR
[23].
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